May 1993

BARNSTON AND VAN DEN DOOL

A Degeneracy in Cross-Validated Skill in Regression-based Forecasts

ANTHONY G. BARNSTON AND HUUG M. VAN DEN DOOL
NWS /NMC /Climate Analysis Center, Washington, D.C.
(Manuscript received 10 June 1991, in final form 19 May 1992)

ABSTRACT

Highly negative skill scores may occur in regression-based experimental forecast trials in which the data being
forecast are withheld in turn from a fixed sample, and the remaining data are used to develop regression
relationships—that is, exhaustive cross-validation methods. A small negative bias in skill is amplified when
forecasts are verified using the correlation between forecasts and actual data. The same outcome occurs when
forecasts are amplitude-inflated in conversion to a categorical system and scored in a “number of hits” framework.
The effect becomes severe when predictor-predictand relationships are weak, as is often the case in climate
prediction. Some basic characteristics of this degeneracy are explored for regression-based cross-validation.

Simulations using both randomized and designed datasets indicate that the correlation skill score degeneracy
becomes important when nearly all of the available sample is used to develop forecast equations for the remaining
(very few) points, and when the predictability in the full dependent sample falls short of the conventional
requirement for statistical significance for the sample size. The undesirable effects can be reduced with one of
the following methodological adjustments: 1) excluding more than a very small portion of the sample from the
development group for each cross-validation forecast trial or 2) redefining the “total available sample™ within
one cross-validation exercise. A more complete elimination of the effects is achieved by 1) downward adjusting
the magnitude of negative correlation skills in proportion to forecast amplitude, 2) regarding negative correlation
skills as zero, or 3) using a forecast verification measure other than correlation such as root-mean-square error.

When the correlation skill score degeneracy is acknowledged and treated appropriately, cross-validation remains
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an effective and valid technique for estimating predictive skill for independent data.

1. Introduction

The desire to accurately quantify statistical forecast
skill has existed among meteorologists and oceanog-
raphers for many years. Estimates of predictive skill
based on a posteriori data-fitting techniques such as
regression using limited samples are characteristically
higher than the skill would be in the population from
which the sample is drawn. This is reflected in the gen-
erally lower skill levels obtained when the sample
equations are used to forecast future or otherwise in-
dependent data.

In order to reduce the problem of artificial skill pro-
duced from overfitting and thus receive a more rep-
resentative estimate of real skill, researchers have used
cross-validation methods, in which forecast models
(regression or other) are developed using only part of
the available dataset and then applied to the indepen-
dent data points left out. The number of points left
out can range from one to more than half of the avail-
able dataset, and the set of removed points may be
changed so that a large number of forecasts (perhaps
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for all possible combinations of a given number of
withdrawn points) can be made. With the relatively
recent introduction of larger computers, cross valida-
tion has come to imply such exhaustive or quasi-ex-
haustive trials. Discussion and/or examples of cross-
validation in association with regressionlike approaches
are found in Klein (1983), Van den Dool (1984),
Harnack et al. (1985), Dixon and Harnack (1986),
Michaelsen (1987), Barnett and Preisendorfer (1987),
and Livezey et al. (1990) (the Klein and Van den Dool
studies do not use the exhaustive version). Cross val-
idation has also been used in analog forecasting (Bar-
nett and Preisendorfer 1978; Livezey and Barnston
1988).

When cross-validation is applied under appropriate
circumstances (i.e. using data that are stationary and
not significantly autocorrelated ), it generally produces
scores representing the skill expected on application of
the sample relationship to independent data—that is,
lower skill scores than those produced in full dependent
sample analyses. However, there are features in the
design of cross-validation experiments that can intro-
duce biases or degeneracies in the results under some
circumstances, unless specific preventive measures are
taken. An example of a flawed design leading to sub-
stantial artificial skill in certain types of analog forecasts






